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CHAPTER 17

B

HEAT )

Heat has been said to be a form of energy. All matter in its normal state contains heat to some
degree, this heat being generated by the movement of moiecules and electrons within the matter. Heat is
often referred to as the internal energy of a bady. Energy, in the form of heat, may be absorbed by or
extracte:! from & body by an external source. There are many ways this may accur. The most simple
examysle s when a piece of metal is left {ying in the sun. This metal becomes "hot’. What really happens is
th2 metud absorbs energy from the sun, because the sun is at a higher temperature than the metal, If the
metal is moved away from the sun’s influence, it will become ‘cool’. In the process of decreasing in tempuer
ature, the metal has given up energy to the surrounding atmosphere.

-

Energy may be converted from one form to another form. Mechanical energy is converted to heat
energy when there is friction between metal surfaces. The kinetic energy stored in a moving vehicle is con-
vertad te heat at the tyres and brakes when the vehicle is stopping. Electrical energy {(E | t) is deliberately
convarter! 1y heat in such appliances as electric ranges, radiators, avens, etc. In this chapter the factors
which devarmine the quantity of heat energy a body may absorb or release will be examined. In addition, a
reletionship between electrical energy and heat energy will be evolved, while examples of the efficiency of
soiverting from electrical energy to heat energy wiil be soived.

17.1 FACTORS DETERMINING HEAT ENERGY (H)

fa) Mass

Heat 1s the resuit of the movement of molecules or electrons in a bady. A laige mass of 2 certain
substance wiil always contain a larger number of molecules than a smaller mass of the same substance in the
same stal: of macter, To raise a mass of & substance through « fixed temperature 1ange {for example 10
deyrees C eistus) 2ach rmolecule in the substance must sbsori a certain amount of energy. f a larger muss ot
the sumc wubsiance is to have its temperature rased througk the same range (10°C), the extra molecules of
he large mass must recerve extia discrete amounts of vnergy for the temperature to rise through this range,
Fram this it can be teen that the larger the body of a certain material the more encrgy 1t will Lordain at 2
given terperature, Heat is directly proportionai ta the mass of 2 body.
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{h) Temperature
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The hase St unit for temperature 15 degrees Keivin, The Kelvin scalv has its lower linut point at
absclute cerc { 2737C). The mote cemmuon scale usedt for termnperature measurement in the SEumits s the
Celsius cuaie. This scaie nas o lower fixed pomnt of 07C sad an upper fixed point of 100°C. In calcuiations
i this chapter that snvolve changes in temper ature, the Celsius ranye wail be applisd. However bocsuse 190
change eguats 194 change, the Kelvin scale couid be useg.

Py

A5 stated previously, 4 mass of a matertal requires a certain amount of energy 10 rase 11s temperaiuce
from one point 1o anotier. 'f, after reaching the higher peint, the application of heat ti the matenal is can-
tinued, “he molecules within the material will ‘ncrease thetr movement or agrtetion. This increase :n movement
means an ‘ncredge 10 energy within the materiai. The greater the temperature change due to heat 1a a materiai.
the higher s the quantity of znergy 1 the mater:al, Hear s directly prenortional to the temperature charge.
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AMErE L s ne thange in temperature from the -mitial temperaiure to the finei temperature.

{c! Type of Materia

The quantity of heat absorbed by a rmzatenal, for & fixed temperature change, depends on the
themicai structure of the material, Heat flow 's much the tame as electnic current flow. Good alect 10
fuenductors sre usuaily good heat conductors or sbscrbers witie electrical insulators are usually good hest
swiators. The ability of 3 material to accept nzat is known as its absolute specific heat capacity with =ine's
of jouls our xilogram per degree Kelvin (J kg™' K™'i. The avsolute specitic heat Ca3PACity Gf @ materiz
consists of TwWo companents -
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{1} The specific heat capacity of water, which is the heat required to raise one gramme of water
through one degree centigrade and is equal to — :

418 x 103 J kg? K

{(2)  The relative specific heat capacity of the material [Cr) which is the heat required to raise one
gramme of that material through the same temperature range.

The relative specific heat capacities of some of the materials used in the electrical field are listed in
Table 17.1

Table 17.1 .
MATERIAL RELATIVE SPECIFIC HEAT CAPACITY
Water 1
Brass 0.094
Aluminium 0.215
Nickel Chrome Alloys 0.106 = 0.112
Copper 0.092
Silver 0.056
Lead 0.031

17.2 CALCULATION OF HEAT ENERGY

The quantity of energy a body takes in or gives out is proportional to the mass and material of the
body and the temperature change in the body.
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m CO Cr (tf - ti)

= energy in joules

H
m = massin kilograms

Ca = 418 x 109 joules per kilggram per deqree Kelvin
Cr = relauve specific heat of the material

ty = final temperature in degrees Celsius

1. = initial temperature in degrees Celsius

Example 17.1

Determine the energy required to heat a mass of 2000 grams of copper from 20°C 10 100%C,

2000

m = .= 2kg
1000
c, = 418 x 10% J kg k7 H = mcC C |
o B ; g 0 r tf hd tlj
C - 0092 = 2x 418 x 10° x 0.092 (100 - 20}
L = 100°C = 2x 418 x 10° x 0.002 x 80
= 61529 joul
- 20°¢ 61529 joules
= 61.529 kd
H = 2
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Example 17.2
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How much energy would be required to boil 2 litres of water if the initial temperature of the water

was 20°C.

m = 2kgq H = M ¢ C (t; - t)
- 3

Cc = 418x10 2x 418 x 103 x 1 x 80

c, = 1 = 668800 i
- o =

(tf-tc} =  80¥C . . 765.8.3 kJ .
M = ? .

17.3 HEATING EFFICIENCY

Losses occur whenever one form of energy is converted ta another form of en
from an electrical source {E | t) is converted to heat energy (m Co C, (ts
used fo raise the temperature of a material, losses occur due to radiation
The efficiency of the heating process is calculated from the ratio of outp

ergy. When energy
=t) ), and this heat energy
of the heat to the surroundings,
ut energy to input energy.

Efficiency = PUIp;ut
inpu

n = putput x 100
input

{m C, G y - t) )

= x 100
Elt

Example 17.3

An electric jug containing 1500 c.c. of wa
the supply for 6 minutes. Calculate the efficiency
20°C to boiling point of 100°C

ter, when connected to 240 volts draws 7.5 amperes from
of the jug if the temperature of the water is rarsed from

E = 240V
I = 75A TR MGGy -y 100
t = 6 x B0 = 3B0s E 1t
m = 1500cc. = 1.5kg = 1.5 x 4.18 x 103 X 11100 - 201 -
C, = 418 x 10° Jkg! K 240 x 7.5 x 360
c o= = L5 x 418 x 103 x 80 « 100
' 240 x 7.5 x 380
t, = 100°%

77.4%

20°C
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Example 17.4

! water
An electric urn containing 3 litres of water draws 5§ amperes from a 240 volt supply as it raises the
temperature of the water from 20°C to 80°C. Hf the urn is 80% efficient calculate the time required to heat
the water.
m = 3kg n = MC,C (tg=1t) x 100
Elt
C, = 418 x 10°
Cr = 1 .
t = mC,C_ (t;—=t] 100
o r T .
te-t) = 60°C
ftg -t " El
E = 240V = 3 x 418 x 103 x 60x100
mnergy I = BA 80 x 240 x 5
'Sray = 784 s
ings. o= B0%
= 13min 4s
t = 7
Equations in this chapter
{1ty H = m¢C t,
(22 H = m Co C, (ty - th
(3) Input = E It
res from {4} i = mC.C_ {t -t}
from o r f i x 100
E It 1
TUTORIALS 1.17
{1} Calculate the energy required to raise the temperature of 2 kg of copper from 20°C 1o 80°7.
] :
—+ 100 . (2]  Five thousand kilojoules of heat zre absorbed by a mass of aluminium when its temperature 1s
raised through 75°C. Calculate the mass of the alumimum.
. {3}  Anelectric jug having an efficiency of 90% takes six m;nules to boii from an nitial temperature
i of 20°C. If the jug draws 5 amperes irom a 240 volt supply calculate the quantity of water 10
! the jug.

{4'  Anelectrical heating process draws 10 amperas from a 240 voit for & minutes as it raises :ne
temperzture of 15 kg of copper hrough 100°C. Calcuiate the efficiency of the heating svstem.

{8}  Determine the power rating of an =stectrical urn which raises the temperature of 5 litres of water
from 207C to boiling point in 10 mnutes if the urn 15 80% efficient.



